Abstract. In the past decade, Al 5083 has attracted considerable attention due to its promising potential applications in military vehicles. This paper reports the improvement of mechanical and tribological properties of Al 5083 coated with chromium nitride. Chromium nitride thin films were deposited by DC magnetron sputtering technique on Al 5083 substrate at different deposition powers (150 to 300 W in steps of 50 W). A FESEM was used for surface morphology and chemical composition studies. The thickness of the films was determined by quartz crystal monitor and checked with FESEM cross-section images. Films thickness was 2±0.01 µm for all samples. The mechanical and tribological properties were investigated by nano-indentation and scratch tests, respectively. The results showed that grains size decreases with the deposition power, while the samples produced at higher powers had a denser structure. The results also showed that by increasing the deposition power film hardness increased and the friction coefficient and scratch volume decreased.
Introduction
Transition metal nitride coatings, mainly based on titanium and chromium, have attracted considerable attention due to their promising potential applications in many fields such as magnetic, electronics, optical and/or decorative coatings [1] . Furthermore, because of its desirable mechanical, tribological and chemical properties, such as high hardness [1, 2] , good corrosion and wear resistance [3] [4] [5] [6] [7] and thermal stability [8, 9] , Chromium nitride has been widely used as industrial coatings. Many researchers have been reported on obtaining Cr-N coatings using different physical methods [10] [11] [12] [13] . The goal of this letter is to improve the mechanical and tribological properties of Al 5083 (due to the promising potential applications in military vehicles) with Cr-N coatings. For this aim, we have deposited the Cr-N coatings on Al 5083 at different deposition powers and studied the influence of this variable on chemical composition, surface morphology, hardness, coefficient of frication and scratch volume of the films.
Experimental details
The chromium nitride thin films of 2 µm thickness were deposited by DC magnetron sputtering technique with a commercial chromium target (of 99.99% pure, 76 mm diameter and 1 mm thickness). The films were deposited on Al 5083 substrate (20×20 mm 2 ) which was cleaned by rinsing in ultrasonic baths of acetone and ethanol prior to deposition. Prior to the Cr-N films deposition, the substrates were cleaned by Cr ion bombardment, which would remove contaminants and ensure good adhesion of the deposited films. A Cr interlayer with the deposition rate of 8 Å/s was introduced to provide critical metal-to-nitride bonding and to reduce stresses. The substrates were clamped to the substrate holder and the distance between the target and the substrate was maintained at 10 cm. The substrates were not subject to any heating treatment before and during the sputtering process. The DC power was varied at 150-300 W. The thicknesses and deposition rate of these chromium nitride films were checked in situ using a quartz crystal monitor (6 MHz gold, Inficon Company, USA) located near the substrate during the sputtering process. The thickness of the films was also checked with FESEM cross-section images ( fig. 1 ). Films thickness was 2±0.01 µm for all samples. The vacuum chamber was equipped with a diffusion pump, which is vertically fixed to the chamber, backed by a rotary pump, and could produce an ultimate vacuum of 1 ×10 -6 mbar. After achieving the ultimate vacuum, the chamber was filled with pure argon and nitrogen gas up to required working gas pressures. The nitrogen gas flow rate was fixed at 15 sccm (Standard cubic centimeter per minute) during the sputtering while the argon gas flow rate was kept constant at 10 sccm. The flow rates of both argon and nitrogen gases were controlled individually by mass flow controllers. A Field Emission Scanning Electron Microscope (FESEM) (CamScan MV2300, Czech & England) was used for investigation of surface physical morphology and chemical composition. A Hysitron Inc. TriboScope ® Nanomechanical Test Instrument with 2D transducer, complete software and Berkovich diamond indenter was employed for mechanical and tribological tests. In these tests, force, loading time, olding time and uploading were 600 µN, 30 s, 10 s and 30 s, respectively. Over 4 tests were performed on all samples, and average of obtained data is presented. The hardness, scratch volume and friction coefficient are obtained from these analyses. 
Results and discussion
The N/Cr ratio (i.e. x in CrN x ) of the chromium thin films was deduced with EDAX measurements. This ratio didn't show the significant changes with deposition power and was about 1.01 for all samples.
Grains size of the Cr-N films was obtained by JMicrovision code from SEM micrographs. The grain size of samples is given in table. 1, while the SEM micrographs of selected samples (i.e. deposited at 200 and 300 W) are shown in fig. 2 . The results show that the grain size decreases with deposition power. This behavior can be explained as follows:
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At higher deposition rate, as soon as the first atom is deposited on the substrate surface it will be bombarded by other atoms, therefore tending to produce numerous small new nuclei and small grains [14] . Variation of chromium nitride thin films hardness as a function of deposition power is shown in fig. 3 . The result shows that the films hardness increases with deposition power. Films hardness and mechanical properties can be affected by different parameters such as grains size, crystallographic orientations, film density, lattice parameters and stoichiometry [15] [16] [17] [18] . In a polycrystalline film, grain size has a tremendous influence on the mechanical properties. Because grains usually have various crystallographic orientations, grain boundaries arise, while an undergoing deformation, slip motion will take place. Grain boundaries act as an impediment to dislocation motion for the following two reasons: (1) dislocation must change its direction of motion due to the different orientations of grains; (2) discontinuity of slip planes from one grain to another [18] . According to these findings, an increase in the films hardness can be related to the reduction of grains size in the Cr-N films. 
354
Ultrafine Grained and Nano-Structured Materials IV depends mainly on the microstructure and has no direct relation to the surface topography [19] . This means that the denser the microstructure and harder films results in lower friction coefficient and scratch volume. 
Conclusion
The Cr-N thin films of 2 µm thickness were deposited on Al 5083 substrate by DC magnetron sputtering technique at different nitrogen gas flows. The chemical composition and surface morphology of layers were studied by FESEM. The mechanical and tribological properties of the films were also investigated using nano-indentation and scratch tests. The results showed that an increasing in deposition power in the range of 150-300 W caused the increasing of the films hardness and decreasing of friction coefficient and scratch volume. The study of chemical composition and surface morphology showed that these behaviors were due to the reduction of grains size with deposition power.
